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1
APPARATUS AND METHOD FOR
ENDOSCOPIC 3D DATA COLLECTION

FIELD OF THE INVENTION

The present invention relates to an apparatus for endo-
scopic 3D data collection as well as a corresponding method.

BACKGROUND OF THE INVENTION

Many medical investigations and surgical procedures are
performed by endoscopic means today. Consequently the
strain on a patient can be considerably reduced. However,
because of the reduced visual field as a result of endoscopic
access, endoscopic procedures require considerable practice
on the part of the operator to make accurate estimates of the
distance to a surface of an interior body cavity in which a
surgical manipulation is to be performed. For the same rea-
son, the measuring of internal body structures, such as ascer-
taining the size of a tumor, involves difficulties. Finally, the
physician’s difficulty in orientation in the interior body cav-
ity, owing to the reduced visual field of an endoscope, can
cause portions of the surface of the cavity to be overlooked in
an endoscopic investigation, that is, not to be endoscopically
collected. Therefore, for endoscopic diagnoses and proce-
dures, the judging of distances and measuring of intracorpo-
real structures, like the spatial recording or reconstruction of
an infernal body cavity, are of great significance. For this
purpose, it is essential to collect 3D data on the cavity, and in
particular to collect absolute 3D data that are based on an
extracorporeal reference coordinate system.

Patent application DE 10 2006 017 003 Al teaches an
endoscope for depth acquisition in which a modulated light
signal is emitted and the modulation parameters of the
received light signal are used to compute the depth data. Via
aplane semi-transparent mirror used as a beam splitter, beams
can be received by two image sensors, one of which captures
the modulation parameters useful for generating 3D data
while the other is provided to capture a visual image of the
endoscopic scene, in US 2006/0025692 A1, an endoscopic
apparatus for generating an endoscopic fluorescence image is
described, such that a distancing signal is generated by a
distance-measuring unit, operating for example with ultra-
sound, microwaves or laser light. It is not possible with the
aforementioned solutions to collect absolute 3D data, so that
the recorded data are limited to the restricted visual field of
the endoscope.

Patent application DE 10 2008 018 636 A1, which is incor-
porated by reference in the present application, teaches an
apparatus for endoscopic 3D data collection, which includes
light-generating means for generating at least a modulated
measuring radiation, light-transmitting means for transmit-
ting the measuring radiation onto an object to be observed and
light-imaging means for imaging a signal radiation from an
object to be observed onto a phase-sensitive image sensor. By
evaluating the data provided by the phase-sensitive image
sensor, 3D data on the observed object are generated. The
collection of absolute 3D data is not foreseen by this appara-
tus.

Patent WO 94/03100 teaches a method for depicting the
interior of bodies, where a spatial data field is associated with
a body situated in a particularly position and the spatial posi-
tion of a video camera, before which an endoscope is
mounted, is recorded on a continuous basis, in addition, a
depiction ofa data field, which corresponds in each case to the
current viewing angle of the video camera, is computed and
the optical image and data field are simultaneously displayed
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on the monitor. By means of an input process by the user, one
or more characteristic points of the data field are harmonized
with the associated optical depiction on the screen. For the
data field, it is possible to use a three-dimensional reconstruc-
tion, which is acquired from one or more previously shot
video recordings, with which a distance measurement via
ultrasound or by stereometric analysis is associated. The
ultrasound distance measurement, however, allows the col-
lection of only relatively few data points, while a stereometric
analysis is restricted to high-contrast surfaces. Therefore, and
because of the necessary interaction of the user, the usability
of the method and the resulting advantages are restricted.

Patent DE 10 2004 08 164 B3, which is incorporated in the
present application by reference, discloses an apparatus for
producing at least a portion of a virtual 3D model of a bodily
interior, said apparatus comprising an endoscope, a position-
ing system with an inertial sensing system to record the posi-
tion and orientation of the endoscope, and a distance-measur-
ing system to acquire at least one distance of the endoscope
from at least one point on the surface of the bodily interior.
Distance is measured with the help of a laser beam emitted by
the endoscope on the basis of a triangulation or by run-time
measurement of the laser beam or with the help of a pattern
projected by the endoscope onto the surface of the bodily
interior or else by ultrasound. From points on the surface of
the bodily interior recorded by the distance-measuring sys-
tem, a portion of a virtual model of the surface of the bodily
interior is produced. Because this necessitates distance mea-
surement from a number of different positions and orienta-
tions ofthe endoscope, only a relatively low spatial resolution
can be achieved.

In an article by Holler et al. “Spatial orientation in trans-
lumenal surgery,” in Minimally invasive Therapy 19 (2010):
282-273, a flexible endoscope is described, on whose proxi-
mal end a time-of-flight (TOF) sensor is mounted. An inertial
sensor is positioned at the distal end of the endoscope in order
to establish the endoscopic image on a gravitational basis or
to provide a corrected image horizon. However, an inertial
sensor requires a relatively large structural area, and therefore
cannot easily be integrated into a distal end portion, espe-
cially in flexible endoscopes with small diameter.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide an appa-
ratus for endoscopic 3D data collection, such that the afore-
mentioned disadvantages are avoided as far as possible, it is a
particular object of the present invention to provide an appa-
ratus for endoscopic 3D data collection that is simple to
operate and has multiple uses, and that allows the collection
of three-dimensional data with a high spatial resolution. In
addition, the present invention has the object of providing a
corresponding method for endoscopic 3D data collection.

Objects of the invention are achieved by an apparatus for
endoscopic 3D data collection, comprising a light generator
to generate at least a modulated measuring radiation, a light
transmitter to transmit the measuring radiation to at least one
partial area of a surface of an internal bodily cavity, which is
at least partly situated in an endoscopically insertable elon-
gated shaft, an observation lens situated in a distal end portion
of the shaft to receive a signal radiation from at least the
partial area of the surface of the cavity, an image transmitter
situated at least partly inside the shaft to transmit the signal
radiation from the distal to a proximal end portion of the shaft
for reception by a time-of-flight image sensor and a controller
to control the light generator, to control the time-of-flight
image sensor, and to evaluate data supplied by the time-of-
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flight image sensor to generate 3D data, characterized in that
the apparatus includes a position sensor to capture a position
and an orientation of the shaft.

Objects of the invention are achieved by a method for
endoscopic 3D data collection, comprising the steps of: gen-
erating at least one modulated measuring radiation, transmit-
ting the measuring radiation to at least one partial area of a
surface of an infernal bodily cavity by an endoscopically
insertable shaft, receiving a signal radiation from at least the
partial area of the surface of the cavity using an observation
lens situated in a distal end portion of the shaft, transmitting
the signal radiation from the distal to a proximal end portion
of' the shaft using an image transmitter that is situated at least
partly inside the shaft, receiving the signal radiation by a
time-of-flight image sensor and evaluating the data supplied
by the time-of-flight image sensor to generate 3D data,
wherein, a position and an orientation of the shaft is recorded
using a position sensor for computing absolute 3D data.

An inventive apparatus for endoscopic 3D data collection,
in particular for three-dimensional recording of a surface of
an internal bodily cavity, includes light-generating means to
produce at least one modulated measuring radiation. Here, to
generate the measuring radiation, it is possible, for example,
to use light-emitting diodes (LEDs), superluminescent
diodes, lasers, such as laser diodes or supercontinuum lasers,
or other radiation sources that can be modulated in corre-
sponding ways. Laser diodes, in particular, offer the advan-
tage of ease of operation and are cost-effective, compact and
easy to modulate. Multimodal laser diodes, as a rule, have
higher output capacity than monomodal laser diodes. The
measuring radiation can be modulable in sinus shape, possi-
bly above a basal level. For improved operation and more
effective cooling, the light-generating means can be situated
in their own housing or as a separate light source.

In addition, the inventive apparatus comprises light-trans-
mitting means for conveying the measuring radiation to at
least one partial area of the surface of the internal bodily
cavity. The light-transmission means here can include, in
particular, means for coupling the radiation generated by the
light source into a light conductor as well as light conductors
to transmit the radiation. Thus, for example, a lens and/or
mirror arrangement can be provided for better coupling of the
generated radiation, or it is also possible to use fiber-coupled
superluminescent or laser diodes, if the light-generating
means are situated in their own housing or as a separate light
source, a light-conducting cable can be provided to transmit
the radiation, where said cable can be provided with connect-
ing means for connecting with the light source or other light
conductors.

The light-transmitting means are at least partly positioned
in an endoscopically insertable shaft. The shaft is, in particu-
lar, elongated and configured with a length and diameter such
that it can be inserted into an internal bodily cavity through a
natural or artificially produced orifice. The shaft comprises a
distal (remote from the user) and a proximal (close to the user)
end. The shaft can be configured, in particular, as part of an
endoscope including in addition an endoscope head mounted
on the proximal end of the shaft, wherein on the endoscope
head, for example, a connector is mounted for the light-
conducting cable to connect with the light-generating means.
The shaft can also be configured as a catheter. The light-
transmitting means can include, in particular, an illuminating
lens, which is positioned in the endoscopically insertable
shaft and by which the measuring radiation is transmitted to
the distal end of the shaft to illuminate an area of the cavity
that is to be investigated. The illuminating lens can, for
instance, be configured as a bundle of optical fibers or as a
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light-conducting rod. In addition, a widening lens, such as a
lens or diffusing screen, can be situated on the distal end of the
illuminating lens for uniform distribution of the measuring
radiation on the area that is to be examined. To avoid coupling
in undesired irradiation, for example to reduce the heat
impact in an endoscopic procedure in a live body, filtering
means can also be provided to filter out certain portions of the
generated radiation in whole or in part.

The inventive apparatus further comprises an observation
lens mounted in a distal end portion of the shaft to pick up a
signal radiation from at least a partial area ofthe surface of the
cavity. The signal radiation arises, in particular, by reflection
and/or scattering of the modulated measuring radiation on the
surface of the cavity, but it can also include other portions,
such as reflected or scattered white light or fluorescent radia-
tion. The observation lens comprises for this purpose, in
particular, a lens arrangement, for example an endoscope
objective lens, which generates an image or a first intermedi-
ate image of the partial area of the surface of the cavity.

In addition, the inventive apparatus comprises an image
transmitter, positioned at least partly inside the shaft, to trans-
mit the signal radiation from the distal to the proximal end
portion of the shaft for reception by a time-of-flight (TOF)
image sensor. A TOF image sensor is a phase-sensitive image
sensor, which is configured in particular as a phase-sensitive
drivable solid-state sensor and which includes a number of
pixels, which, in pixel-by-pixel form, supply TOF data and
thus spatially resolved distance or depth data from measure-
ment points on the surface of the cavity. To generate an image
of the partial area of the surface of the internal bodily cavity
that is to be investigated on the sensor surface of the TOF
image sensor, imaging means such as a lens system can be
provided. The observation lens, the image transmitter and/or
the imaging means can include filtering means to block off
part of the radiation received.

In addition, control and evaluation means are provided to
direct the light-generating means to generate the modulated
measuring radiation, to direct the TOF image sensor and to
evaluate data supplied by the TOF image sensor to generate
3D data of the partial area of the surface of the cavity. In
particular, the control means make it possible to generate the
modulation of the measuring radiation and a corresponding
control of the TOF image sensor for phase-selective reception
of'the perceived radiation and to read out the signal of the TOF
image sensor, which contains phase information in pixel-by-
pixel form with reference to the modulation of the signal
radiation. From the phase information it is possible to draw
conclusions about the time lapse between the occurrence of
the signal radiation and the emission of the measuring radia-
tion, so that depth data can be obtained in pixel-by-pixel form.
In addition, a display apparatus can be provided to display the
recorded distance data or 3D data.

According to the invention, the apparatus further com-
prises position-sensing means to record a position and an
orientation of the shaft. In particular, the position-sensing
means are situated inside the shaft or are associated with it in
an unequivocal spatial relationship. In particular, the posi-
tion-sensing means can be configured to interact with a posi-
tion recording system, so that the position and orientation of
the shaft can be determined in relation to an absolute extra-
corporeal reference coordinate system, especially one inde-
pendent of the position of the shaft. On the basis of the known
association of the position-sensing means with a distal end
portion of the shaft, it is possible to draw conclusions from the
signals of the position-sensing means about the position and
orientation of the distal end portion of the shaft, or of the
observation lens situated in it, with respect to the reference
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coordinate system. The control and evaluation means are
configured, in particular, on the basis of data obtained with
the help of the position-sensing means from the spatially
resolved depth data supplied by the TOF image sensor, to
compute 3D data that depict the surface of the internal bodily
cavity three-dimensionally with respect to the reference coor-
dinate system.

Thanks to the TOF image sensor, a two-dimensionally
resolved collection of the distance or depth data of the surface
of the cavity is possible with a high resolution. Because
position-sensing means are provided, it is possible to collect
data on the position and orientation of the endoscopically
insertable shaft that, together with the data supplied by the
TOF image sensor, permit absolute coordinates of points on
the surface of the cavity to be ascertained. Consequently, in an
especially simple way, a 3D collection or spatial reconstruc-
tion of at least a portion of a surface of an internal bodily
cavity becomes possible, in particular, organ coordinates can
be ascertained, which for example allow the measurement of
intracorporeal structures, such as the determination of the size
of a tumor or measurement of the extent of lesions. As a
further consequence, it becomes possible, in especially
simple manner, to produce a virtual 3D model of the surface
of the internal bodily cavity. These data can be correlated, for
example, with 3D surface data, such as have been acquired by
CT or MR scanning systems preoperatively.

Thereby, in addition, it becomes easier for a user, such as a
surgeon, to be oriented during an endoscopic investigation or
an endoscopic operation inside the internal bodily cavity. In
natural orifice translumenal endoscopic surgery (NOTES),
orientation becomes easier inside the cavity in which the
endoscopic access occurs. In extracorporeal lithotripsy,
stones can be located endoscopically at a viewing distance
and the extracorporeal shock wave source aligned, without in
any case requiring the use of x-ray machinery; moreover, the
course of the lithotripsy can be monitored endoscopically
while maintaining a corresponding viewing distance to pro-
tect the endoscope from the effects of the shock waves. Like-
wise, while using the inventive apparatus, tumor irradiation
can be more safely performed, in that the position of the tumor
that is to be irradiated is continuously captured and visually
controlled and the position of the tumor is reported back to the
irradiation device. It also becomes possible to irradiate “non-
stable” tumors in easily movable hollow organs, such as in the
intestine or in the bladder. In particular with a thin-caliber
shaft shape, use in the dental field as well as in vascular
endoscopy is possible, such as for a 3D reconstruction of the
lumen of a dental root canal as well as for an intraluminal
measurement of stenosis.

According to a preferred embodiment of the invention, the
shaft is of rigid configuration. In the event that the endoscopi-
cally insertable shaft is part of an endoscope, the endoscope
can accordingly be configured in the manner of a rigid endo-
scope. The endoscope shaft can be configured at least partly
as a cylindrical tube, in particular a metallic tube. In this case
the image transmitter can be made up of one or more relay
lens systems situated inside the shaft.

The position-sensing means can be situated at any desired
location in the shaft; if the shaft is part of an endoscope, the
position-sensing means can also be mounted in or on the head
of the endoscope. Because the distance and relative orienta-
tion of the distal end portion of the shaft in relation to the
position-sensing means are known, it is possible, from the
data supplied by a position-recording system concerning the
position and orientation of the position-sensing means, to
draw conclusions about the position and orientation of the
distal end portion ofthe shaft and thus of the observation lens.
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Because, in addition, the radiation run-time from the light-
generating device to the distal end portion of the shaft as well
as from the observation lens to the TOF image sensor is
known, distance data supplied by the TOF image sensor can
be converted into absolute coordinates of measurement points
on the surface of the cavity, such that the TOF image sensor
allows a high spatial resolution.

According to another preferred embodiment of the inven-
tion, the shaft is flexible, in the event that the endoscopically
insertable shaft is part of an endoscope, the endoscope can
accordingly be configured in the manner of a flexible endo-
scope. A catheter, as well, is understood in the context of the
present patent application as a flexible shaft. The flexible
endoscope, in particular, can be steerable; that is, the distal
end portion of the shaft can be bent at an angle by means of
operating elements mounted on the proximal end portion of
the endoscope. The shaft can also be semi-rigid, or the endo-
scope can be configured as a semi-rigid endoscope. With a
flexible or semi-rigid shaft, the image transmitter, at least
inside the shaft, is configured as a flexible image conductor,
which can consist of an ordered glass fiber bundle. The image
conductor preferably has a small diameter, preferably less
than 1.5 mm, more preferably less than 1.0 mm or even less
than 0.6 mm. The image conductor can preferably have a
length of more than 150 cm, even more than 300 cm. The
image conductor is preferably produced in double-glass tech-
nology as a multi-fiber bundle. The position-sensing means in
this configuration of the invention are situated in the distal end
portion of the shaft. Because of the signal supplied by a
position-recording system, the position and orientation of the
distal end portion of the shaft can be ascertained in the abso-
Iute coordinate system provided by the position-recording
system. As a result, with the depth data supplied by the TOF
image sensor, absolute coordinates of measurement points on
the surface of the intracorporeal cavity can be computed with
high spatial resolution.

The position-sensing means preferably include a position
sensor by which a position can be ascertained with reference
to an extracorporeal reference system. In contrast, for
instance, to an inertial sensor, the position sensor makes pos-
sible a direct tracking of a position in relation to a reference
coordinate system. In contrast, an inertial sensor records an
acceleration from which the position is ascertained indirectly
by double temporal integration. Inertial position sensors are
subject therefore to a time drift, so that the inaccuracy of the
ascertained position increases over time. The position-sens-
ing means can advantageously be configured as a position and
orientation sensor, which allows a direct recording of a posi-
tion and of a spatial orientation with respect to a reference
system, inertial position sensors, on the contrary, allow as a
rule only the direct recording of an alignment of the sensor
with respect to a direction indicated by gravity, while, in
particular, the orientation in a horizontal plane is determined
indirectly by temporal integration, which likewise can result
in a time drift. Because the position-sensing means include a
non-inertial sensor to ascertain a position or orientation of the
endoscope, in particular of the distal end portion of the endo-
scope shaft, a high degree of precision can be achieved con-
cerning the position and spatial orientation with respect to an
extracorporeal reference coordinate system, even in a pro-
tracted endoscopic procedure.

The position-sensing means are preferably configured as
an electromagnetic position sensor. Such an electromagnetic
position sensor interacts, in particular, with a magnetic field
generated by an external position-recording system in such a
way that makes possible a direct determination—that is, one
that does not require double temporal integration—of a posi-
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tion and/or orientation with respect to a reference coordinate
system provided by the external position-recording system.
The electromagnetic position sensor preferably includes at
least two coils on which voltages are induced by an extracor-
poreal magnetic-field-generating element of the external
position-recording system. The electromagnetic position sen-
sor interacts in such a way with the magnetic field generated
by the external position-recording system that the position of
each of the two coils in relation to the position-recording
system can be ascertained from a current or voltage signal
supplied by the coils. In this manner, it is possible to deter-
mine absolute coordinates—that is, based on the position-
recording system—of the electromagnetic position sensor
and to ascertain the spatial orientation of the position sensor
with sufficient precision, even over the duration of a pro-
tracted operation. It is also possible for several position sen-
sors of this type, each with at least two coils, to be present.

According to a preferred embodiment of the invention, the
at least two coils of the electromagnetic position sensor sur-
round the image transmitter. In particular, the at least two
coils surround the image conductor laterally in a distal end
portion of the image conductor, such that the coils preferably
are displaced with respect to one another in a longitudinal
direction of the shaft. Two coils at a distance from one another
in the longitudinal direction can advantageously surround the
image conductor coaxially; the coils can be mounted on a
metallic carrier or can comprise an iron core. To avoid mal-
functioning of the electromagnetic position sensor, the shaft,
at least in the area in which the position sensor is situated, is
advantageously non-metallic, for example plastic or ceramic,
in configuration; this applies as well to the head of a rigid
endoscope if the position sensor is situated in it.

In particular, the two coils can be wound about the image
conductor inside a rigid shaft or in the distal end portion of a
flexible shaft, to make it possible to capture the position and
orientation of the distal end portion of the shaft. Conse-
quently, in addition, a compact arrangement is achieved,
allowing reception of the position-sensing means in the shaft
of'the endoscope, in particular in the distal end portion of the
shaft, without the diameter of the shaft being significantly
enlarged as a result. This permits an especially thin-caliber
shaping of the shaft or endoscope.

The external position-recording system preferably
includes an extracorporeal magnetic field generator, which,
by means of a tetrahedral arrangement of coils, generates a
non-homogeneous magnetic field, by which the at least one
electromagnetic position sensor can be excited. A magnetic
field generator of this type is commercially available from the
firm NDI EUROPE GmbH under the trade name AURORA.
However, flat-design coil arrangements are also available that
are particularly suited to surgical use because of their com-
pact configuration. The external position-recording system
further preferably includes an evaluation apparatus, which
evaluates the signals generated by the at least one position
sensor concerning the position and/or orientation of the posi-
tion sensor and thus of the shaft in correlation to a spatial
reference. The evaluation apparatus makes it possible to pro-
cess the signals generated by the position sensor into position
information, which advantageously can be used in navigating
the shaft or an endoscope, for instance in a surgical applica-
tion.

Alternatively or in addition, at least one position sensor can
be provided that is configured as an inertial sensor and makes
possible a direct ascertainment of a current position and ori-
entation of the position sensor. In addition, a position record-
ing by means of ultrasound can be provided. With a rigid
configuration of the shaft, it is also possible to record the
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position by an optical tracking system; one example is avail-
able from KARL STORZ under the designation SURGICAL
COCKPIT® Navigation Panel Unit.

According to an especially preferred configuration of the
invention, the TOF image sensor is connected by a flexible
image conductor with the proximal end portion of the image
transmitter of the shaft or can be detachably connected with it.
If'the image transmitter inside the shaft is configured with one
or more relay lens systems, then the flexible image conductor
of'the TOF image sensor can be attached to the shaft in such
a way that the relay lens system generates an intermediate
image on the input surface of the flexible image conductor, if
the image transmitter inside the shaft is configured as a flex-
ible image conductor, then an additional flexible image con-
ductor can be attachable on a proximal end surface of the
image conductor lead in the shaft; for this purpose an image-
conductor coupling can be provided, in the event that the
image transmitter inside the shaft is configured as a flexible
image conductor, then it can also be configured continuously
to the TOF image sensor and can be extended beyond the shaft
in the proximal direction. For optimal optical coupling of the
TOF image sensor to the image conductor, an imaging lens
can be provided that enlarges the image supplied by the image
conductor to the format of the TOF image sensor.

Because the TOF image sensor is connected, or can be
connected, by a flexible image conductor with the proximal
end portion of the image transmitter of the shaft, then despite
the space requirement of the TOF image sensors, especially
those with high resolution, the shaft can be configured with an
especially small diameter; the weight of the TOF image sen-
sor is then non-critical. The shaft or endoscope can be con-
figured as especially handy because the TOF image sensor is
not a part of the shaft or endoscope and is not rigidly con-
nected with it. In this way it is possible to achieve an espe-
cially high resolution of the 3D data supplied by the TOF
image sensor, such that the apparatus or endoscope is still
especially easy to operate and especially versatile in its uses,
it is important here to consider that TOF sensors frequently
operate in the infrared spectral range and the pixel size of
sensors of this type is greater as a rule than that of standard
image sensors operating in the visual range, in particular, an
apparatus or endoscope of this type can be used also in cases
in which the diameter of the shaft is restricted for anatomic
reasons to a few millimeters or even to less than 1 mm. In
addition, the configuration of TOF image sensor that is sepa-
rate from the shaft or from the endoscope has the advantage
that said sensor can be situated at a distance from the patient
while the apparatus is in use and therefore is not obliged to
meet the same requirements in terms of safety, cleaning and
sterilization as the endoscope itself.

It is further preferred that a beam splitter and an additional
image sensor to record an additional image of the observed
partial area of the surface of the cavity should be situated in
the distal end portion of the shaft. While the TOF image
sensor as a rule receives an image in the infrared spectral
range to ascertain the distance data, the additional image,
which is received by the other image sensor, can in particular
be a visual image of the partial area of the surface. The distal
beam splitter for this purpose is situated in such a way that a
part of the signal radiation received by the observation lens is
conveyed onto the surface of the additional image sensor,
while another part of the signal radiation is coupled info the
image transmitter for transmission to the TOF image sensor.
The additional image sensor is advantageously of compact
configuration so that the diameter of the shaft remains inside
the range permissible for insertion into an internal bodily
cavity. To supply the additional image sensor as well as to
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transmit the image data received from if, one or more electri-
cal lines can be situated in the shaft side-by-side to the image
transmitter. A more complete recording and display of the
observed partial area of the surface of the cavity and the visual
acquisition of additional data are made possible by the recep-
tion of the additional image.

It is further preferred that an image-processing apparatus
should be provided that is adapted in order to associate one
item of depth information, which is obtained from the image
information of the TOF image sensor, to each of a number of
image points, in particular to each image point of the image
received by the additional image sensor, if the TOF image
sensor has a different resolution than the additional image
sensor, then a corresponding interpolation, for example,
between neighboring pixels can be performed by means of the
image-processing device. The image-processing device can
also be configured to smooth the image data of the TOF image
sensor, in that for example distance values of pixels, which
depart from the mean value of the distance values of each
neighboring pixel by more than a threshold value, are
replaced by the mean value. As a result, an endoscopy image
recorded by the additional image sensor can be linked with
the distance data or with an obtained virtual 3D model of the
internal bodily cavity and possibly can be displayed with the
virtual 3D model on a display unit.

According to an embodiment of the invention, a beam
splitter is connected with the proximal end portion of the
image transmitter, or can be detachably connected with it, and
said beam splitter uncouples a part of the radiation transmit-
ted by the image transmitter. The uncoupled radiation can, in
particular, be directed to other image sensors, so that addi-
tional image data can be generated. The uncoupled radiation
is preferably directed to spectral analysis means, for example
for Raman or CARS spectroscopy, so that spectral data can be
generated, it is especially advantageous if a distally mounted
beam splitter also admits part of the visual spectral range, so
that it reaches the proximally positioned beam splitter via the
image transmitter and is uncoupled there for spectral analysis.
As aresult, additional possibilities are opened up for depic-
tion of the endoscopic scene and/or for endoscopic diagnoses.

According to an additional preferred embodiment of the
invention, the image transmitter is also configured to transmit
a fluorescence excitation radiation to the distal end portion of
the shaft, from where the fluorescence excitation radiation is
conveyed to the partial area of the surface of the internal
bodily cavity. The fluorescence excitation radiation can, for
example, be situated in the blue spectral range of the visual
spectrum, while the modulated measuring radiation as a rule
is in the infrared spectral range. The fluorescence excitation
radiation can be coupled into the proximal end portion of the
image transmitter directly or via a preferably spectrally selec-
tive beam splitter. The beam splitter situated in the distal end
portion of the shaft and an additional image sensor positioned
there can in this case be configured, in particular, to record the
fluorescent radiation, which is emitted from the observed
partial area of the surface of the cavity.

An inventive method for endoscopic 3D data collection
includes at least the following steps:

generate at least one modulated measuring radiation,

transmit the modulated measuring radiation to at least one

partial area of a surface of an internal bodily cavity
through an endoscopically insertable shaft, which can
be, for example, part of an endoscope,

receive a signal radiation from at least the partial area of the

surface of the cavity with the help of an observation lens
situated in a distal end portion of the shaft,
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transmit the signal radiation from the distal to a proximal
end portion of the shaft with the help of an image trans-
mitter situated at least partly inside the shaft,

receive the signal radiation through a time-of-flight (TOF)

image sensor,

evaluate the data supplied by the TOF image sensor to

generate 3D data of the partial area of the surface of the
cavity referring to the observation lens or the distal end
portion of the shaft,
ascertain information on the position and orientation of the
shaft with the help of position-sensing means and

compute absolute 3D data of the partial area of the surface
of the cavity on the basis of the 3D data referring to the
observation lens or the distal end portion of the shaft and
of the information ascertained with the help of the posi-
tion-sensing means.

It is understood that the aforementioned features and those
to be explained hereinafter can be applied not just in the
combination indicated each time, but also in other combina-
tions or singly, without departing from the framework of the
present invention.

Further aspects of the invention can be seen from the fol-
lowing description of a preferred embodiment and from the
appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an endoscope as part of an inventive appara-
tus for endoscopic data collection in the schematic longitu-
dinal section according to a first embodiment of the invention.

FIG. 2a shows an observation lens and an image transmit-
ter according to a second embodiment of an inventive appa-
ratus, in schematic depiction.

FIG. 2b shows the observation lens according to the
embodiment in FIG. 2a, in enlarged schematic depiction.

FIG. 3 shows an endoscope as part of an inventive appara-
tus for endoscopic data collection in schematic longitudinal
section according to a third embodiment of the invention.

FIG. 4 shows an endoscope as part of an inventive appara-
tus for endoscopic data collection in schematic longitudinal
section according to a fourth embodiment of the invention.

FIG. 5a shows an inventive apparatus according to a fifth
embodiment of the invention, in schematic depiction.

FIG. 55 shows the distal end portion of the endoscope shaft
of the apparatus from FIG. 5a, in schematic longitudinal
section.

FIG. 5¢ shows a supply unit of the apparatus from FIG. Sa,
in schematic depiction.

DETAILED DESCRIPTION OF THE INVENTION

As shown schematically in FIG. 1, an endoscope 1, accord-
ing to an embodiment of the invention, includes an elongated
rigid shaft 2, which is made up of a cylindrical tube 3, which
comprises one or more distal windows 4, 4' and in which
additional optical, mechanical and electronic components are
placed. Situated in the proximal end portion 5 of the shaft,
which is configured as an endoscope head, is a light connector
socket 6, to which a light-conducting cable can be coupled for
connection with a non-illustrated light source. The light
source generates both a modulated measuring radiation for
distance measurement and an illuminating light for visual
observation of a surface area of an internal bodily cavity. The
measuring radiation and illuminating light are designated
here as “light”, regardless of whether visible light or infrared
or ultraviolet radiation are meant. A light conductor 7, which
for example can consist of a fiber glass bundle, is situated
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inside the shaft 2 to transmit the coupled-in light to the distal
end portion 8 of the endoscope; a number of light conductors
can also be provided. At the distal end of the light conductor
7, a widening lens (not illustrated) can be provided for uni-
form illumination of an area that is to be observed. The light
transmitted by the light conductor 7 emerges through the
window 4' in the direction toward the area of the cavity that is
to be observed.

From the observed area of the surface of the cavity, a signal
radiation enters through the window 4, which can be config-
ured as a single unit with the window 4', info the observation
lens of the endoscope 1, said lens being configured in particu-
lar as an endoscope objective lens 9. The signal radiation
includes a portion that is generated by the measuring radia-
tion through reflection by the surface of the cavity and/or by
scattering. In addition, the visual illumination light reflected
by the surface, as well as in some cases fluorescent light,
enters the observation lens. A beam splitter 10, mounted
downstream from the endoscope lens 9 in the observation
light path, deflects a portion of the received light transverse to
the longitudinal direction of the shaft 2 to an image sensor 11
mounted in the distal end portion 8 of the endoscope 1. The
optical axis of the image sensor 11 is aligned approximately
perpendicular to the shaft longitudinal direction; that is, the
surface of the image sensor 11 is situated in the shaft longi-
tudinal direction. An additional portion of the received light,
which contains at least a portion of the signal radiation, for
example a near-infrared portion, is admitted by the beam
splitter 10 in the longitudinal direction of the shaft 2 to an
image transmitter 12, which includes rod lenses 13,13', 13" or
relay lens systems composed of them. The light path is tele-
centric at the image end, to achieve the most efficient cou-
pling possible into the rod lens 13. In addition, the aperture of
the ray bundle generated by the objective lens 9 is adjusted to
the aperture of the rod lenses 13, 13", 13" in order to fill them
as much as possible. The image generated by the objective
lens 9, which is in particular a retrofocus objective lens, is
situated on the proximal outlet surface of the beam splitter 10,
and likewise on the lateral outlet surface facing the image
sensor 11, or at least close to these outlet surfaces. On the
proximal outlet surface of the beam splitter 10, the rod lens 13
is preferably attached with a cement whose refractive index is
equal to that of the rod lens 13 or in any case smaller than the
larger of the refractive indexes of the beam splitter 10 and rod
lens 13.

An image of the surface of the cavity is generated through
an imaging lens 14 onto a surface of a TOF image sensor 15.
The beam splitter 10 can, for example, be configured spec-
trally selectively in such a way that light in the visual range is
deflected onto the image sensor 11 to receive a visual image
of the observed area, while in the infrared range the signal
radiation is passed through the beam splitter 10 and reaches
the TOF image sensor 15 to generate spatially resolved dis-
tance data, if the measuring radiation is also situated in the
visual spectral range, then on the other hand a non-spectrally
selective configuration of the beam splitter 10 is advanta-
geous.

To supply the distal image sensor 11 as well as for data
transmission to the non-illustrated control and evaluation
device, an electric line 16 is provided that is likewise situated
inside the shaft 2. It can end in the proximal end portion 5 of
the shaft 2 in a plug for connecting a corresponding cable, or
can end with corresponding lines of the TOF image sensor 15
in a common plug or can be lead in a common cable (not
illustrated). The endoscope 1 includes, in addition, position-
sensing means, in particular two coils that surround the image
transmitter in a compact arrangement (not shown). Because
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of the rigid configuration of the shaft 2, by ascertaining the
position and orientation of the position-sensing means, if is
possible to ascertain the position and orientation of the distal
end portion 8 of the shaft 2, in particular of the endoscope
objectivelens 9 as well as of the images, generated by it, of the
observed portion of the surface of the cavity. Consequently,
absolute 3D data, based on a coordinate system independent
of the endoscope 1, can be computed by the control and
evaluation device on the basis of the 3D data recorded by the
TOF image sensor 3/.

In the embodiment shown in FIG. 1, the TOF image sensor
15 can be connected with the proximal end of the endoscopic
shaft 2 or can be received in a proximal end portion 5 of the
shaft 2, configured as an endoscope head. In a non-illustrated
embodiment, the TOF image sensor can be connected by a
flexible image conductor with the proximal end of the shaft 2.
Handling of the endoscope 1 is hereby substantially facili-
tated, especially when the TOF image sensor has a higher
resolution and accordingly demands more space. The visual
image sensor 11, on the other hand, can be sufficiently com-
pact in configuration to be incorporated in the distal end
portion 8 of the shaft 2 without causing a substantial enlarge-
ment of the diameter of the shaft 2; the electric line 16 also
causes no enlargement of the shaft diameter.

An observation lens and an image transmitter according to
an additional embodiment of an inventive apparatus are
shown schematically in FIG. 2a. The observation lens
includes an endoscope objective lens 40, which consists of
several lens groups. The light path is telecentric at the image
end. Situated in the observation light path downstream from
the endoscope objective lens 40 is a beam splitter 41, which is
followed in the proximal direction by a relay lens system 43
composed of rod lenses 42, 42'. The endoscope objective lens
40 and the beam splitter 41 are shown in FIG. 25 in enlarged
depiction. As can be recognized in FIG. 25, the beam splitter
41 can comprise an extension 44 with respect to the cubical
shape in the axial direction, along with a plane-parallel plate
45 that is cemented onto it in the transverse direction. As a
result of the plane-parallel plate 45, the optical path lengths of
the two optical paths inside the beam splitter are equal or at
least nearly equal. Consequently, the imaging quality is
improved, and in addition both images are of equal size. Inthe
other described embodiments of the invention as well, the
optical path lengths of the two paths in the beam splitter are
ideally equal. The arrangement shown in FIGS. 2a and 26 can
be inserted into a rigid shaft according to FIG. 1.

As shown in FIG. 3, an endoscope 21, according to an
additional embodiment of the invention, includes an elon-
gated flexible shaft 22. The shaft 22 includes a flexible outer
shaft 23, which is concluded in its distal end portion by one or
more distal windows 24, 24'. Additional optical, mechanical
and electronic components are enclosed inside the flexible
outer shaft. Situated in the proximal end portion of the shaft is
an endoscope head 25, which for example can include control
elements to control the endoscope tip, that is, the distal end
portion 26, as well as irrigation and suction connectors (not
illustrated). In addition, a light-conducting cable to connect
with a light source as well as electrical supply and signal
cables can also be coupled on the endoscope head 25 (not
illustrated).

As already described in relation to FIG. 1, the measuring
radiation and illumination light are guided through a light
conductor 27 to the distal end portion 26 of the endoscope 21
and, in some cases, conducted via a non-illustrated widening
lens through the window 24' to a surface area of an internal
bodily cavity. The light conductor 27 consists of a glass fiber
bundle and is of flexible configuration.
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As also explained above with respect to FIG. 1, the signal
radiation enters from the observed area of the surface of the
cavity through the window 4 into the endoscope objective
lens 28 and is divided by the beam splitter 29 into a portion
that arrives at an image sensor 30 situated in the distal end
portion 26 in the longitudinal direction of the shaft 22, and
another portion that is transmitted to a TOF image sensor 31
situated in the endoscope head 25. To transmit the corre-
sponding portion of the signal radiation to the TOF image
sensor 31, inside the shaft 22 a flexible image conductor 32 is
situated consisting of an ordered bundle of optic fibers. On the
distal end surface 33 of the image conductor 32, the portion of
the signal radiation is imaged by an adaptive lens 34. The
numerical aperture is adjusted by the adaptive lens 34 in order
to allow optimal use of the optic fibers. According to a non-
illustrated embodiment, the image conductor 32 can be
cemented onto the proximal-end outlet surface of the beam
splitter 29, wherein the cement preferably has a refractive
index that is equal to that of the fiber core or between that of
the fiber core and that of the beam splitter 29. From the
proximal end surface 35 of the image conductor 32, an image
is generated by an imaging lens 36 onto the sensor surface of
the TOF image sensor 31. An eclectric line 37, likewise
mounted inside the shaft 22, serves to supply the distal image
sensor 30 and for data transmission. Light-conducting cables
and electric cables to connect the light conductor 27 or the
line 37, as well as to connect the TOF image sensor 31 with a
non-illustrated control and evaluation device, can be con-
nected to the endoscope head 25.

Coils 38, 38' of an otherwise non-illustrated position-sens-
ing or position-recording system are situated in the distal end
portion 26. The coils 38, 38' surround the image conductor 32
in its distal end portion; the coils 38, 38' in this manner can be
situated inside the shaft 22, without it being substantially
enlarged in diameter. At least in the area of the coils 38, 38,
the outer shaft 23 as well as, in some cases, other surround-
ings and reinforcements are of non-metallic construction, so
as not to disturb the functioning of the position-sensing sys-
tem. From the coils 38, 38', non-illustrated electric lines are
lead inside the shaft 21 to the endoscope head 25 and likewise
cause no enlargement of the shaft diameter. Because the coils
38, 38 are situated in the distal end portion 26 of the shaft 22,
the coils stand in a fixed geometric relationship to the distal
end of the shaft, in particular to the endoscope objective lens
28, to the image generated by it on the distal image sensor 30,
and to the image generated by the endoscope objective lens 28
via the adaptive lens 34 on the distal end surface 33 of the
image conductor 32. As a result, capturing of the position and
orientation of the distal end portion 28 of the shaft 22 is
possible and thereby a conversion of 3D data collected by the
TOF image sensor 31 into absolute 3D data based on the
reference coordinate system of the position-recording sys-
tem.

FIG. 4 shows in simplified schematic depiction an addi-
tional embodiment of a flexible endoscope 50 as part of an
inventive apparatus. The embodiment shown in FIG. 4 is
distinguished from that shown in FIG. 3 in that a beam splitter
52 and an image sensor 53 are not situated in the distal end
portion 51 but rather in the proximal end portion 54 of the
endoscope 50. A TOF image sensor 55 is also situated in the
proximal end portion 54. The beam splitter can, for example,
deflect a portion of the signal radiation to generate a visual
image of an area of the internal bodily cavity onto the image
sensor 53 and can pass the portion of the signal radiation used
to generate the 3D data onto the TOF image sensor 55; the
arrangement of the image sensor 53 and of the TOF image
sensor 55 can also be reversed.
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Inside a flexible shaft, not shown in FIG. 4, a flexible image
conductor 56 is situated into which the signal radiation from
the observed area is coupled by a symbolically indicated
endoscope objective lens 57. Images of the observed area are
generated onto the sensor surfaces of the image sensor 53 as
well as of the TOF image sensor 55 by an imaging lens that is
situated in the proximal end portion 54 of the endoscope 50
and not illustrated, as well as, in some cases, an adaptive lens.

Situated in the distal end portion 51 of the endoscope 50 are
two coils 58, 58' of a position-recording system, whose wind-
ings surround the image conductor 58 in a compact arrange-
ment. As explained with reference to FIG. 3, with the data
supplied by the position-recording system, it is possible to
generate absolute 3D data about the surface of the observed
cavity.

With additional, non-illustrated embodiments of the inven-
tive apparatus, which otherwise are configured as is shown in
FIG. 3 or FIG. 4, the TOF image sensor can be connected via
aflexible image conductor with the proximal end of the shaft.
Consequently, operation of the endoscope is substantially
facilitated.

As shown in FIG. 54, an inventive apparatus 60 according
to an additional embodiment includes an endoscope 61, a
supply unit 100 as well as display and input devices, such as
image screens 110, 110" and a keyboard 111. The endoscope
includes a flexible shaft 62 and an endoscope head 63. The
supply unit 100 includes light sources to generate a modu-
lated measuring radiation, for example in sinus shape, and a
white light illumination. To transmit both types of radiation,
in each case light-conducting cables 64, 64' are provided that
can be connected with the supply unit 100 via connectors 65,
65' and with the endoscope 61 via a supply cable 66. Both
types of radiation can also be transmitted by a common light
conductor; it is also possible to provide separate light cables
in each case. The supply cable 66 can be detachably con-
nected with the endoscope head 63, for which purpose a
corresponding coupling can be provided (not illustrated).

The distal end portion 67 of the endoscope 61, that is, the
endoscope tip, is shown enlarged in FIG. 556. The measuring
radiation and the white light are guided by the endoscope light
conductors 70, 70" to the distal end of the endoscope. The
widening lenses 71, 71' situated there serve to uniformly
distribute the illumination radiation onto a partial area of the
surface of an internal bodily cavity, such as a tissue area in the
cavity. The distal end portion 67 contains an endoscope objec-
tive lens 72 to generate an image of the tissue area, a beam
splitter configured as a beam splitter cube 73 to distribute the
image, one or more image sensors 74, 74' as well as, in some
cases, one or more adaptive lenses 75, shown here by way of
example with the image conductor 76. The adaptive lens 75 is
configured in such a way that the same field of view is imaged
on the distal end surface of the image conductor 76, despite a
different size, as on the image sensors 74, 74'. This is illus-
trated symbolically in FIG. 56 by the imaged structure 77,
which is imaged by the adaptive lens configured as a reducing
lens onto the end surface of the ordered fiber bundle of the
image conductor 76 as smaller than on the image sensors 74,
74'. In addition, preparation lenses can be present that, for
example, can be configured as filters 78, 78', 78", such as
color filters, electronically adjustable filters, prisms, length-
ening plates or spatial frequency filters (anti-aliasing filters),
in addition, a filter 79 that can pivot in and out can be provided
with an actuator 80.

The image generated by the endoscope objective lens 72 on
the distal end surface of the image conductor 76 is conducted
by the image conductor 76 to the endoscope head 63 and by
the image conductor 81 coupled there to a TOF camera unit
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82, which contains a TOF image sensor as well as an imaging
lens to generate an image on the sensor surface of the TOF
image sensor (see FI1G. 5a). The image conductor 76 can also
be configured as a single unit with the image conductor 81, so
that a light loss at the coupling site can be avoided, if a rigid
endoscope is used instead of the illustrated flexible endo-
scope 61, then the generated image can also be transmitted by
relay lens systems to the endoscope head. The TOF camera
unit 82 can be connected by an electric cable 83 and the
connector 84 to the supply unit 100.

As indicated symbolically in FIG. 55, two coils 85, 85',
whose windings surround the image conductor 76, are situ-
ated on the image conductor 76 in its distal end portion,
displaced in the longitudinal direction of the distal end por-
tion 67. Said coils 85, 85' constitute the sensing means of a
non-illustrated electromagnetic position-recording system.
The position-recording system generates an external mag-
netic field configured in such a way that the position of the
coils 85, 85' inside the magnetic field, that is, in relation to an
outer coordinate system that is independent of the position of
the endoscope 61, can be ascertained from the current or
voltage signals supplied by the coils 85, 85'. The orientation
of the distal end portion 67 of the shaft 62 and thus the
viewing angle can be ascertained from the difference between
the signals of the two coils 85, 85'. The signals of the coils 85,
85' are transmitted to the endoscope head 63 by electric lines
86, 86'. The other lines 87, 87' serve for supply and signal
transmission of the image sensors 74, 74', wherein electronic
components to control the image sensors 74, 74' can be situ-
ated in the distal end portion 67 or in the endoscope head 63.
The coils 85, 85' and the image sensors 74, 74' as well as, in
some cases, additional electric devices of the endoscope 61
are connected with the supply unit 100 by the line 88 sym-
bolically depicted in FIG. 5a and the connector 84'. The light
conductors 64, 64' and the line 88 can be combined in a
connection box 89.

The supply unit 100 is schematically illustrated in FIG. 5c¢.
To generate a white light illumination, the supply unit con-
tains a metal halide arc discharge lamp 101, which can
include a reflector, as well as additional elements for colli-
mation or coupling into a light conductor 102. Alternatively,
LED, xenon or halogen lamps can also be used as white light
source, as can RGB or supercontinuum laser sources, in addi-
tion, a heat protection filter can be provided (not illustrated).
To prevent white light from disturbing the depth measure-
ment, a chopper wheel 103 is provided that interrupts the light
flow as soon as a distance data collection occurs. This can be
entered manually in order to observe alternatively in white
light and in measuring light or else to record a fluorescence
image. However, it is also possible to switch automatically, in
particular within a video frequency or a fraction thereof,
between white light and fluorescence observation and 3D
measurement. The control device 104 controls the power
drive 105 of the chopper wheel corresponding to the particu-
lar requirements, for example synchronously with reading out
the respective image sensor, instead of a chopper wheel, an
oscillating mirror or an electronically controlled filter can be
used. In using solid-state light sources, such as LED or laser
light sources, they can be controlled directly in the corre-
sponding frequency. The light conductor 102 introduces the
light into the light conductor 64' via a connector 65'.

To generate the measuring radiation, a laser diode 106 is
provided, which is powered by an electronic driver 107 and
whose light is coupled into a light conductor 109 via a colli-
mation lens 108. Alternatively, a fiber-coupled light-emitting
diode or a superluminescent diode can be employed. In addi-
tion, means can be provided to reduce the coherence of the
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measuring radiation. The generated light is introduced into
the light conductor 64 via a connector 65 for transmission into
the endoscope 61 (see F1G. 54a). The laser diode is modulated
synchronously by the control device 104 to read out the
phase-sensitive image sensor.

The white light and the measuring radiation can also be
coupled into a common light conductor. In addition, fluores-
cence excitation light, which can be generated by the light
source 101, for example via a beam splitter mounted in the
endoscope head or in an integrated supply unit containing the
TOF camera unit 82, can be coupled into the image conductor
81 and by it can be conducted to the distal end portion 67 of
the endoscope 61 (not illustrated).

The control device 104 also serves to control the TOF
camera unit 82 and to evaluate signals supplied by it or by the
TOF image sensor. The TOF image sensor registers, in pixel-
by-pixel form, the intensity of the received signal radiation
and the phase shift, that is, the time delay between the emitted
measuring radiation and the recorded signal radiation. By
means of an evaluation, as indicated for example in EP 1 746
410 A1, the phase shift and thus the time delay corresponding
to the time of flight can be ascertained. From the time delay it
is possible to reconstruct 3D data that refer to the end portion
67 of the endoscope 61, that is, are relative 3D data.

In addition, the image sensors 74, 74' are also connected
with the control device 104, which reads out image signals or
processes them for a display, controls the chopper wheel 103
and the laser diode 106, accordingly, synchronously and
transmits the image data on to a computer 112 for further
processing, display and storage. Moreover, the control device
104 is configured to process signals from the coils 85, 85' or
to communicate with the position-recording system. Position
data thus obtained make it possible to determine the position
and orientation of the distal end portion 67 of the endoscope
61 in relation to an extracorporeal coordinate system pro-
vided by the position-recording system. From these and from
the relative 3D data ascertained from the signals of the TOF
image sensor, the control device 104 ascertains 3D data of the
observed partial area of the surface of the internal bodily
cavity that are absolute, that is, based on the extracorporeal
coordinate system. These data are transmitted to the computer
112.

By linking 3D data, which have been acquired at different
positions and orientations of the endoscope 61 or of its distal
end portion 67, a practically complete recording of the inner
surface of the cavity is possible, as well as the establishment
of a virtual 3D model of the internal bodily cavity. The gen-
erated absolute 3D data can also be evaluated for measure-
ment of length, surface or volume, in addition, in the control
device 104 or in the computer 112, a possibility of linking or
synoptic depiction of the various image data supplied by the
TOF image sensor as well as by the image sensors 74, 74' is
provided, along with, in some cases, the generation of a
synthetic stereo image. The image data can be depicted on the
screens 110, 110'. In addition, an input device is available for
entering instructions of a user, for example a keyboard 111, a
touch screen or else a speech recognition device.

A TOF camera unit 82 and/or a supply unit 100, as
described above, can also be used in conjunction with endo-
scopes, which are configured according to FIGS. 1 through 4.
Here, as well as in the embodiment according to FIGS. 5a
through 5¢, the TOF camera unit can also be integrated into
the supply unit 100. In this case the image conductor 81
preferably runs in the supply cable 66 and can be introduced
via a plug-in system into the supply unit 100 (not illustrated).
The result is an especially compact and easily operated appa-
ratus. The arrangement made up of the beam splitter 52,
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image sensor 53 and TOF image sensor 55 in the embodiment
according to FIG. 4 can also be integrated into the supply unit
and connected with the endoscope 50 via an image conductor
that is preferably lead through a supply cable.

For the use of an inventive method for endoscopic 3D data
collection, the endoscope 1, 21, 50, 61 is introduced into the
bodily cavity in which the investigation or procedure is to take
place. The TOF image sensor, provided it does not form a unit
with the endoscope or is not already connected with it, is
connected to the endoscope 1, 21, 50, 61, for example via an
image conductor 81 and a corresponding coupling. If the
light-generating means are not a part of the endoscope, then a
light source or the supply unit 100, which contains light-
generating means to generate a measuring radiation, is con-
nected with the endoscope 1,21, 50, 61 via a light cable or the
supply cable 66. A fastening of the endoscope 1, 21, 50, 61 to
a retainer, which prevents movement of the endoscope in
relation to the examined patient or to the cavity during the
procedure, is not necessary as a rule because of the collection
of absolute 3D data.

To execute the inventive method for 3D data collection,
illumination light, in particular the measuring radiation and
white light, is generated in the supply unit 100. The measur-
ing radiation is intensity-modulated in sinus shape with a
frequency of, for example, approximately 10 to 100 MHz.
The white light can include, for example, the entire visible
spectrum or part of it, but it can also consist of one or more
narrow-band portions. The white light is advantageously
switched in video frequency.

White light and measuring radiation are conducted by light
conductor 7, 26, 70, 70' to the area to be observed. An image
is generated on the TOF image sensor 15, 31, 75 by the
observation lens 9, 28, 57, 72 and the image transmitter 12 or
image conductor 32, 56, 76, 81. By aread-out from the image
sensor synchronized with the modulation of the measuring
radiation, phase-dependent data are acquired in pixel-by-
pixel form that are processed to intensity and phase informa-
tion by the control device 104. The control device 104 thereby
generates depth information, which corresponds to the time
delay of the signal radiation in relation to the measuring
radiation, and 3D data therefrom. The signal of the TOF
image sensor can also be used to generate a fluorescence
image; in addition, by the other image sensors 11, 30 74, 74'
additional images can be generated.

The signals of the position-sensing means, in particular of
the coils 38, 38', 58, 58', 85, 85', are further captured by the
control device and used to generate absolute 3D data. The 3D
data as well as, in some cases, the other images, can be
depicted for the user on appropriate display devices 110, 110’
and can be available for further image-processing steps or for
storage. Thus, an RGB or fluorescence image, for instance,
can be depicted in alternation or superimposed with the 3D
data.

Provided that no 3D data processing is desired, operation
without a TOF sensor can also be foreseen, such that for
example the image conductor 81 is not connected with the
endoscope 81. Here, as with a standard video endoscope for
example, only a visual image of a partial area of the internal
bodily cavity can be generated.

What is claimed is:

1. An apparatus for endoscopic 3D data collection, com-
prising

alight generator to generate at least a modulated measuring

radiation,

a light transmitter to transmit the measuring radiation to at

least one partial area of a surface of an internal bodily
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cavity, which is at least partly situated in an endoscopi-
cally insertable elongated shafft,

an observation lens situated in a distal end portion of the

shaft to receive a signal radiation from at least the partial
area of the surface of the cavity,

an image transmitter situated at least partly inside the shaft

to transmit the signal radiation from the distal to a proxi-
mal end portion of the shaft for reception by a time-of-
flight image sensor, and

a controller to control the light generator, to control the

time-of-flight image sensor, and to evaluate data sup-
plied by the time-of-flight image sensor to generate 3D
data,

characterized in that the apparatus includes a position sen-

sor to capture a position and an orientation of the shaft.

2. The apparatus according to claim 1, wherein the shaft is
of rigid configuration.

3. The apparatus according to claim 1, wherein the shaft is
of flexible configuration, the image transmitter is a flexible
image conductor and the position sensor is situated in the
distal end portion of the shaft.

4. The apparatus according to claim 1, wherein the position
sensor, comprises a position and orientation sensor.

5. The apparatus according to claim 1, wherein the position
sensor is configured as an electromagnetic position sensor,
which comprises at least two coils.

6. The apparatus according to claim 5, wherein the coils
surround the image transmitter.

7. The apparatus according to claim 1, wherein the time-
of-flight image sensor is connectible with the proximal end
portion of the image transmitter by a flexible image conduc-
tor.

8. The apparatus according to claim 1, wherein in the distal
end portion of the shaft a distal beam splitter and an additional
image sensor are situated to collect an additional image of the
partial area of the surface of the cavity.

9. The apparatus according to claim 8, wherein the appa-
ratus includes an image-processing device, which is config-
ured to associate depth information acquired from data sup-
plied by the time-of-flight image sensor, with image points of
the additional image.

10. The apparatus according to claim 1, wherein a proximal
beam splitter, coupleable to a spectral analyzer, is connectible
with the proximal end portion of the image transmitter.

11. The apparatus according to claim 1, wherein the image
transmitter is configured to transmit a fluorescence excitation
radiation from the proximal to the distal end portion of the
shaft.

12. A method for endoscopic 3D data collection, compris-
ing the steps of:

generating at least one modulated measuring radiation,

transmitting the measuring radiation to at least one partial

area of a surface of an internal bodily cavity by an
endoscopically insertable shaft,

receiving a signal radiation from at least the partial area of

the surface of the cavity using an observation lens situ-
ated in a distal end portion of the shaft,

transmitting the signal radiation from the distal to a proxi-

mal end portion of the shaft using an image transmitter
that is situated at least partly inside the shaft,

receiving the signal radiation by a time-of-flight image

sensor and evaluating the data supplied by the time-of-
flight image sensor to generate 3D data, and

recording a position and an orientation of the shaft using a

position sensor for computing absolute 3D data.
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